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[57] ABSTRACT

A process for producing an oligoester which comprises:

(a) the step of reacting isophthalic acid and propylene
oxide in a reaction medium in the presence of a spe-
cific catalyst comprising a tetraalkyl ammonium com-
pound to prepare an oligoester, and

(b) the step of removing volatile components from the
resulting oligoester by heating the oligoester at a
temperature of 180°-280° C. is disclosed. The oligo-
ester 1s used as an intermediate for preparing unsatu-
rated polyesters.

2 Claims, No Drawings
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1
PROCESS FOR PRODUCING OLIGOESTERS

This application is a continuation of application Ser.
No. 323,500, filed Nov. 20, 1981, now abandoned.

BACKGROUND OF THE INVENTION

This mnvention relates to process for producing oligo-
esters, which are useful as an intermediate for preparing
unsaturated polyesters, from isophthalic acid and prop-
ylene oxide.

In the present specification “unsaturated polyester”
indicates the polyester which is prepared from dicar-
boxylic acid components containing unsaturated dicar-
boxylic acid and polyol components and is not yet
mixed with a vinyl monomer as a crosslinking agent.
The mixture of the unsaturated polyester and a vinyl
monomer is referred to as “unsaturated polyester resin”
in the present specification.

It 1s known that unsaturated polyester resins obtained
by using i1sophthalic acid as a dicarboxylic acid compo-
nent (sometimes hereinunder referred to as isophthalic
acid type unsaturated polyester resin) are superior to
unsaturated polyester resins obtained by using orthoph-
thalic acid as a dicarboxylic acid component with re-
spect to0 such properties as water resistance, chemical
resistance and mechanical properties. However, the
time required for esterification is longer when 1so-
phthalic acid 1s used as a dicarboxylic acid component
than when orthophthalic acid i1s used.

The process for producing isophthalic acid type un-
saturated polyesters are of two types; one stage process
and two stage process. In the one stage process, all of
the dicarboxylic acid components containing iso-
phthalic acid and unsaturated dicarboxylic acid are
reacted with all of the polyol components, such as a
glycol or glycols, simultaneously. The two stage pro-
cess comprises reacting isophthalic acid with at least
one polyol component, such as a giycol or glycols, until
the acid value of the product amounts to less than a
definite value, for example less than 30, to form an
oligoester which is a precursor for unsaturated polyes-
ter, followed by reacting unsaturated dicarboxylic acid
or its anhydride with the resulting oligoester. Though
the reaction time of the one stage process is shorter than
that of the two stage process, 1t is known that unsatu-
rated polyester resins produced by the one stage process
are 1nferior to unsaturated polyester resins produced by
the two stage process with respect t0 various proper-
ties.

It was known 1n the art that an addition product of an
aromatic dicarboxylic acid and an alkylene oxide,
namely an oligoester, can be produced by reacting the
two components in the presence of an amine compound
catalyst, such as a tertiary amine. However, when the
oligoester obtained by the above process 1s utilized as an
intermediate for unsaturated polyesters, the resulting
polyesters are apt to be seriously discolored, and are
limited to reproducibility of various characteristics with
reference to the curing step of unsaturated polyester
resins and various properties of the cured resins, such as
mechanical properties, chemical resistance, water resis-
tance and so on, and additionally they have poor stor-
age stability. So the resins are not of practical use.

Reaction of an aromatic dicarboxylic acid with an
alkylene oxide in the absence of any catalyst has been
attempted to overcome the above-mentioned shortcom-
ing. In this case the addition reaction between iso-
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phthalic acid and an alkylene oxide is hard to realize
oecause of the high melting point of isophthalic acid
and poor solubility of 1sophthalic acid in the reaction
medium and simultaneously polymerization of the al-
kylene oxide itself occurs to form the oligoester having
an ether bond to comnsiderable extent. In addition, it
takes much time to lower the acid value of the oligo-

ester to the necessary extent. So, it has been believed to
be 1mpossible to economically obtain unsaturated poly-
ester resins with suitable characteristics by reacting an
aromatic dicarboxylic acid, especially isophthalic acid,
with an alkylene oxide in the absence of any catalyst.

The inventors of the present invention have carried
out intensive researches on oligoesters obtained by the
addition reaction of isophthalic acid and an alkylene
oxide, particularly propylene oxide. As a result, a pro-
cess for producing oligoesters which comprises (a) the
step of reacting isophthalic acid with propylene oxide in
a reaction medium in the presence of an amine com-
pound catalyst to produce an oligoester, (b) the step of
removing volatile components from the oligoester ob-
tained in step (a) by heating the oligoester at the temper-
ature within the range of 180°-300° C. and (c) the step
of treating the oligoester obtained in the step (b) with a
silica-alumina compound having absorbing property,
has been proposed, as exemplified in U.S. Ser. No.
150,691 filed on May 16, 1980 by Miyamoto et al., now
U.S. Pat. No. 4,306,056.

SUMMARY OF THE INVENTION

One object of this invention i1s to provide a process
for producing oligoesters obtained from isophthalic
acid and propylene oxide by a more simple operation
without a step of treating the oligoester with an absor-
bent than the operation claimed in U.S. Ser. No. 150,691
above, now U.S. Pat. No. 4,306,056.

The other object of this invention is to provide a
process for economically producing within a short time
oligoesters which are useful as a precursor for unsatu-
rated polyester resins having excellent water resistance,
chemical resistance and mechanical properties.

This invention relates to process for producing an
oligoester which comprises:

(a) the step of reacting 1 mol of isophthalic acid with
1.1-3.3 moles of propylene oxide in a reaction medium,
which is a reaction product of isophthalic acid with
propylene oxide and/or propylene glycol, in the pres-
ence of a tetraalkyl ammonium compound as a catalyst
to prepare an oligoester and

(b) the step of removing volatile components from
the oligoester obtained in step (a) by heating the oligo-
ester at a temperature of 180°-280° C.

DETAILED DESCRIPTION OF THE
INVENTION

The first step of this invention relates to addition
reaction of isophthalic acid with propylene oxide. The
addition reaction may be carried out by adding iso-
phthalic acid to an oligoester as a reaction medium in
the presence of a tetraalkyl ammonium compound as a
catalyst, followed by continuously introducing propy-
lene oxide into the mixture with stirring at atmospheric
pressure or under pressure while heating the mixture at
a definite temperature. It is necessary to employ from
1.1 to 3.3 moles of propylene oxide, preferably 1.2 to 3.0
moles of propylene oxide, for one mole of isophthalic
acid. In this addition reaction, other saturated dicarbox-
ylic acids may be added to the reaction system in place
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of a part of isophthalic acid. Examples of the saturated
dicarboxylic acids to be used herein include ortho-
phthalic acid, phthalic anhydride, terephthalic acid,
tetrahydrophthalic acid, 3,6-endomethylene tetrahy-
drophthalic acid, pimelic acid, adipic acid, glutaric acid,
succinic acid and sebacic acid. The other saturated
dicarboxylic acid may be used in an amount of less than
30 mol percent of isophthalic acid used. Other alkylene
oxides may be also used in place of a part of propylene
oxide. Examples of the other alkylene oxides include
ethylene oxide, butylene oxide, amylene oxide and hex-
ene oxide. The other alkylene oxides may be used in an
amount of less than 30 mol percent of propylene oxide
used.

In the first step of this invention, one object of using
a tetraalkyl ammonium compound as a catalyst is to
promote the reaction of isophthalic acid and propylene

I
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.- oxide and another object thereof is {0 provide oligoest-

- ers with a desired structure.

©. The tetraalkyl ammonium compounds used as a cata-
lyst in the first step of this invention include tetraaikyl
ammonium hydroxides represented by general formula
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and tetraalkyl ammonium salts represented by general
formula (II)

(1I)

d
R
R1—~1‘|~I-R4 | X/®

R
)

in formulas (I) and (II), R, Ry, R3 and R4 may be the
same or different and independently are alkyl group
having 1-4 carbon atoms or hydroxy-substituted alkyl
~group having 1-4 carbon atoms and X 1s a halogen
atom, such as chlorine, bromine and iodine; a residue of
carbonic acid or bicarbonic acid; a residue of an ali-
phatic mono- or di-carboxylic acid having 1 to 10 car-
bon atoms, such as acetic acid, propionic acid, butyric
acid, oxalic acid and succinic acid; and a residue of an
aromatic mono- or di-carboxylic acid or an aromatic
mono- or di-carboxylic acid which 1s nuclear-sub-
stituted with one or more alkyl having 1-3 carbon
atoms, such as benzoic acid, toluic acid, ortho-phthalic
acid, terephthalic acid and isophthalic acid, and 1n for-
mula (II), I i1s an integer of 1 or 2.
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Examples of the tetraalkyl ammonium compounds
include tetramethyl ammonium chloride, bromide, io-
dide, hydroxide, bicarbonate, carbonate or benzoate;
tetraethyl ammonium chloride, bromide, iodide, hy-
droxide, bicarbonate, carbonate or benzoate; tetrapro-
pyl ammonium chloride, bromide or hydroxide; tet-
rabutyl ammonium chioride or bromide; bis(tetramethyl
ammonium)phthalate, isophthalate or terephthalate;
bis(tetraecthyl ammontum)phthalate, isophthalate or
terephthalate; bis(2-hydroxyethyliriethyl ammonium)
1sophthalate; bis(2-hydroxyethyltripropyl ammonium)
1sophthalate; mono(2-hydroxypropyltriethyl ammoni-
um)isophthalate; and bis(tetraethylammonium)oxalate.
The tetraalkyl ammonium compound can be used alone
or mixture thereof.

The addition reaction proceeds as shown in the fol-
lowing: |

ﬁ’ »
C~OH + {m + (n 4+ I}(x + 1)} CH /CH;  —
0

(I11)

T

C—O-(-CH;—CH—O-)ZWTT]@-}-H

O O
| I

wherein n, m and x are independently O or integer of
1,2,3....

The larger is the amount of the tetraalkyl ammonium
compound as a catalyst, the greater 1s the proportion of
the oligoester of formula (I1II) in which n and m are each
a relatively small integer in the resulting product. In
other words, the larger is the amount of tetraalkyl am-
monium compound as a catalyst, the lower 1s the pro-
portion of ether bond in the resulting oligoester.

On the other hand, when the catalyst 1s used in a
smaller amount, propylene oxide is apt to react with the
terminal hydroxyl group of the resulting oligoester to
form ether bonds in the oligoester. As a result, a part of
propylene oxide is hard to participate in decreasing the
acid value of the resulting oligoester. (In this case, de-
crease in the acid value of the resulting oligoester 1s
achieved by supplying additional propylene oxide into
the reaction system or by increasing the degree of con-
densation of the resulting oligoester.)

Thus, there has been found the fact that when oligo-
esters are produced from isophthalic acid and propy-

lene oxide according to the process of the present inven-

tion, the proportion of ether bond in the oligoesters can
be controlled by changing the amount of a catalyst to be
used. The fact gives rise to the same result as in the
process which comprises using dipropylene glycol or
tripropylene glycol in place of a part of propylene gly-
col in the conventional esterification process for pro-
ducing unsaturated polyesters. This means that unsatu-
rated polyester resin having desired characteristics can
be easily produced from the same raw materials by
changing the production conditions. Therefore, accord-
ing to the present invention the properties of unsatu-
rated polyester resins are easily controlled. This 1s one
of the significant features of this invention. As the pro-
portion of ether bond in an oligoester increases, modu-
lus and heat distortion temperature of the cured unsatu-
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rated polyester resin produced from the oligoester low-
ers and flexibility of the cured resin is improved.

The proportion of ether bond in an oligoester is guan-
~titatively determined by ASTM D 2998-71.

Considering the properties of unsaturated polyester
resins to be prepared, the amount of the catalyst to be
employed is in the range of 0.001-1.5% by weight on
the basis of 1sophthalic acid.

As mentioned above, the properties of the oligoester
depend on the amount of the catalyst used. In addition,
the properties of the oligoester also depend on molar
ratio of propylene oxide to isophthalic acid employed.
As the molar ratio decreases, the viscosity of the oligo-
ester 1s increased until it becomes solid.

In order to obtain the olhigoester having a low acid
value, it 1s necessary to increase the degree of condensa-
tion of the oligoester.

The production of oligoesters, namely the addition
‘reaction, 1s carried out at atmospheric pressure or under
pressure within a temperature range of 100°-230° C,,
preferably 110°-220° C. When the reaction is carried
out under pressure, the pressure depends on reaction
conditions, such as rate of propylene oxide feed, kind
and amount of solvents employed, amount of catalyst
employed and reaction temperature. In general, the
pressure may be less than 15 Kg/cm?G. The reaction
time depends on the above reaction conditions and may
be in the range of 10-240 minutes, preferably 15-180
minutes. One of the advantages of the present invention
1s that oligoesters can be produced within a short time.

The same oligoester which 1s the object product of
this invention can be used as a reaction medium. Oligo-
esters having similar structure, such as oligomers ob-
tained by conventional esterification of isophthalic acid
and propylene glycol can be used as the reaction me-
dium. |

The second step of this invention comprises heating
the reaction product obtained in the above first step to
remove volatile components from the reaction system
such as unreacted alkylene oxide, catalyst and all other
compounds formed by decomposition through the ther-
mal treatment. To remove the volatile components, the
reaction mixture is heated at 180°-280° C., preferably
220°-270° C. at atmospheric pressure. If desired, it may
be practiced under reduced pressure. When the acid
value of the oligoester obtained by the first step does
not lower sufficiently, esterification reaction proceeds
during the heating step, whereby water evolved is re-
moved and the acid value of the oligoester lowers rap-
idly. According to the second step, useful properties
can be imparted to the oligoester in the aim of preparing
unsaturated polyester resin with good characteristics.

As another embodiment 1n the second step of the
present mvention, a glycol or glycols may be added to
the reaction product containing the oligoester obtained
in the first step before carrying out the second step. In
this case, the acid value of the oligoester also lowers
rapidly. According to this embodiment, useful precur-
sors for unsaturated polyesters can be prepared. Exam-
ples of the glycols include propylene glycol as well as
ethylene glycol, diethylene glycol, dipropylene glycol,
1,3-butylene glycol and neopentyl glycol.

As still another embodiment in the second step of the
present invention, isophthalic acid may be added to the
reaction product of the first step before carrying out the
second step. In this case, esterification reaction occurs
during the heating step simultaneously, whereby the
proportion of isophthalic acid component to propylene
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oxide component contained in the oligoester so treated
can be changed. In general the proportion of isophthalic
acid component to propylene oxide component con-
tained in the oligoester depends on the proportion of
1sophthalic acid to propylene oxide employed in the
first step. However, according to this embodiment, the
proportion of 1sophthalic acid component to propylene
oxide component contained in the oligoester can also be
adjusted by the second step. This makes it possible to
prepare unsaturated polyester resins having a variety of
properties. That 1s, practically useful oligoesters of iso-
phthalic acid and propylene oxide can be prepared ac-
cording to this embodiment.

According to the present invention, oligoesters hav-
ing a variety of characteristics which are useful as a
precursor for unsaturated polyester resins can be pro-
duced within a short time by a simple operation. The
oligoesters obtained by this process have from 0.02 to
0.5 of ether bond per one isophthalic acid component in
the molecular structure, and the ratio of ether bond to
1sophthalic acid component can be varied by selecting
the proper process conditions corresponding to the
properties required of the unsaturated polyester resins.

The invention 1s further illustrated, but in no way
Iimited by the following Examples. The percent and
parts are by weight, unless otherwise specified.

REFERENCE EXAMPLE 1

Into a reactor equipped with agitator, partial reflux
condenser, thermometer and pipe for introducing nitro-
gen gas were charged 1661 grs of isophthalic acid and
1522 grs of propylene glycol. The mixture was heated
to 205° C. while introducing nitrogen gas into the mix-
ture at speed of 400 ml/min. Water formed through
condensation was distilled while refluxing propylene
glycol by passing steam of 100° C. through the partial
reflux condenser. After about 10 hours 2810 grs of
oligoester having acid value of 10, Gardner Color Scale
of 2 and viscosity of 3500 poise (25° C.) was obtained.
The ohigoester was referred to as oligoester A. Glycol
content in the oligoester A was determined by ASTM
D 2998-71. The analysis showed that the content of
glycol component containing ether bonds was 0.7% by
mol of the total glycol component.

EXAMPLE 2

Into an autoclave equipped with agitator, thermome-
ter, pipes for introducing nitrogen and propylene oxide,
and reflux condenser equipped with thermometer at its
top were charged 1882 grs of oligoester A, 1661 grs of
isophthalic acid and 13.9 grs of tetracthylammonium
chloride. Air in the autoclave was completely replaced
by nitrogen gas. The mixture was heated to 160° C. 1162
Grs of propylene oxide was continuously added over
130 minutes at stirring rate of 500 rpm while maintain-
ing the temperature at 160° C. While introducing prop-
yvlene oxide, all of unreacted propylene oxide was re-
fluxed by passing cold water through the partial reflux
condenser. After adding the propylene oxide, the reac-
tion was continued at 160° C. for additional 10 minutes.
4625 Grs of the reaction product having acid value of
35 (mg KOH/gr) was obtained. Thereafter, the reaction
product was heated to 250° C. while bubbling nitrogen
gas into the product at speed of 400 ml/min. Water
formed through condensation and the volatile compo-
nents were distilled by passing steam of 100° C. through
the partial reflux condenser. After 30 minutes the reac-
tion product was cooled to 100° C. Then 248 grs of
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propylene glycol was added to the product with stirring - ' nents and water formed through condensation. After 30 .
oo toobtain 4785 grs of oligoester having acid value of 2.0, - minutes, the reaction product was:cooled.  ::: oo
. @Gardner Color Scale of 1 and content of remaining - The viscous, liquid oligoester having acid valueof 3.0. ... . .~
B catalyst of 18 ppm (value calculated as nitrogen). The ' and content of remaining :catalyst of ‘17 ppm (value = =
. oligoester was referred to as oligoester B. .. 5 calculated as nitrogen was obtained.). - o o
"""" -+ The analysis showed that the content of glycolcom--. - . _
ponent containing ether bonds was 6.80% by mol ofthe ~—~ EXAMPLE 5 e
.. total glycol component. - - - . _ Into an'autoclave equipped with agitator, thermome- -
- .. In comparison of the process of this example with the - -+ ter, pipes for introducing nitrogen and propylene oxide,
T -~ process of Reference Example 1. It 1s clear that oligo- 10 and reflux condenser equipped with thermometer atits = ¢
i ester having good properties can be produced within a - top were charged 1882 grs of oligoester A, 1661 grsof @ '+ i
- shorter period according to the process of this example. : : isophthalic acid and 5.6 grs of tetraethylammonium: =~ - -
B - . ..+ chloride. Air 1n the autoclave was .completely replaced -
oo BAAMPLES oo 'ﬁTbynitrogengas;The-mixturewasheatefto.IGO"('E?1-1-62'=-::::- SRR
R . Into :an: autoclave made: of stainless: steel .equipped 15 Grs of propylene :oxide: was continuously added over - -
S with agitator, thermometer and pipes for introducing . 195 minutes at stirring rate ‘'of 500 rpm while maintain- -
oot onitrogen and propylene oxide were charged 1882 grs of ¢+ ing the temperature at 160° C. While introducing prop-' + 1
"""" oligoester A, 1661 grs of isophthalic acid, and 9.71 grs - | ylene oxide, all of unreacted propylene oxide was're- = ..
o of tetramethylammonium chloride. Air in the autoclave - fluxed by passing cold water through the partial reflux =
i was completely replaced by nitrogen gas. The mixture 20  condenser. After adding the propylene oxide, the reac-

o was heated to 210° C. 1162 Grs of propylene:oxide was : - ' tion was continued at 160° C. for additional 20 minutes. -~ =
.1 continuously ‘added under pressure over 40 minutes at - - - 4625 Grs of the reaction product having acid valueof ¢ .0
R stirring rate of 500 rpm while maintaining the tempera- :  46.5 (mg KOH/gr) was obtained. Thereafter, the reac- . = .

ture at 210° C. While introducing propylene oxide, the - ' tion product was heated to 250° C. while bubbling nitro- -+ =
oo maximum pressure: in: the autoclave increased to 2.1 25 gen gas info the product at speed of 400 ml/min. Water - 1 01
- Kg/cm?G. After adding the propylene oxide, the reac- = formed through condensation and the volatile compo- -~
oo tion was continued at 2107 C. for additional 10 minutes. | nents were distilled by passing steam of 100° C..ithrough - - .
oo 24620 Grs: of the reaction product having acid value of - - the partial reflux condenser. After 30 minutes the reac- - o)
SEERERE - 35 (mg KOH/g) was obtained. 2833 Grs of the reaction . - .  tion product was cooled to 100° C. Then 248 grs of == @ = |
.07 product was charged into a reactor equipped with agita- 30 propylene glycol was added to the product withstirring -2 -1
Lo itor, partial reflux condenser and pipe for introducing to obtain 4785 grs of ohigoester having acid value of 3.6, -
nitrogen gas, and was heated to 250° C. while bubbling . Gardner Color Scale of 1. and: content .of ‘remaming: . - L
- nitrogen gas into the reaction mixture at rate of 400 - catalyst of 12 ppm (value calculated as mitrogen). .-~
oo ml/min, and while passing steam of 100° C. through the - - The analysis showed that the content of glycolcom- = -+ .- 1
S - partial reflux condenser to distil the volatile compo- 35 ponent containing ether bonds of the resulting oligo-- - .- . ..
o nents and water formed through condensation. After 30 - ester was 11.0% by mol of the total glycol component. . 0000
minutes, the reaction product was cooled to 100°¢C.... . . .. .. EXAMPLE 6

- Then 133 grs of propylene glycol was added to the

..~ product with stirring to obtain 2986 grs of oligoester
" having acid value of 2.0, Gardner Color Scale of 1 and
= ~content of remaining catalyst of 19 ppm (value calcu-

‘"lated as nitrogen). The analysis showed that the content
of glycol component containing ether bonds was 7.0
mol%.

40

EXAMPLE 4 +

Into an autoclave equipped with agitator, thermome-

ter, pipes for introducing nitrogen and propylene oxide,

and reflux condenser equipped with thermometer at its
top were charged 1727 grs of oligoester B, 1661 grs of 50
isophthalic acid and 9.71 grs of tetraethylammonium
bromide. Air in the autoclave was completely replaced
by nitrogen gas. The mixture was heated to 170° C. 930
Grs of propylene oxide was continuously added over
120 minutes at stirring rate of 500 rpm while maintain-
ing the temperature at 170° C. While introducing prop-
ylene oxide, all of unreacted propylene oxide was re-
fluxed by passing cold water through the partial reflux
condenser. After adding the propylene oxide, the reac-
tion was continued at 160° C. for additional 10 minutes. 60
4241 Grs of the reaction product having acid value of
44 (mg KOH/gr) was obtained. 2689 Grs of the reaction
product was charged into a reactor equipped with agita-
tor, partial reflux condenser and pipe for introducing
nitrogen gas, and was heated to 250° C. while bubbling
nitrogen gas Into the reaction mixture at rate of 400
ml/min, and while passing steam of 100° C. through the
partial reflux condenser to distil the volatile compo-

59
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Into an autoclave equipped with agitator, thermome-
ter, pipes for introducing nitrogen and propylene oxide,
and reflux condenser equipped with thermometer at 1ts
top were charged 1882 grs of oligoester B, 1661 grs of
isophthalic acid and 9.2 grs of tetramethylammonium
chloride. Air in the autoclave was completely replaced
by nitrogen gas. The mixture was heated to 180° C. 1162

Grs of propylene oxide was continuously added over

125 minutes at stirring rate of 500 rpm while maintain-
ing the temperature at 180° C. While introducing prop-
ylene oxide, all of unreacted propylene oxide was re-
fluxed by passinag cold water through the partial reflux
condenser. After adding the propylene oxide, the reac-
tion was continued at 180° C. for additional 10 minutes.
4620 Grs of the liguid reaction product having acid
value of 35 (mg KOH/gr) and Gardner Color Scale of
1 was obtamed. 2834 Grs of the reaction product and
1107 grs of 1sophthalic acid were charged into a reactor
equipped with agitator, partial reflux condenser and
pipe for introducing nitrogen gas and was heated to
250° C. while bubbling nitrogen gas into the reaction
mixture at rate of 400 ml/min, and while passing steam
of 100° C. through the partial reflux condenser to distil
the volatile components and water formed through
condensation. After distilling them at 250° C. for 120
minutes, the reaction product was cooled to 150° C.
The reaction product was transferred into pan made of
stainless steel. The resulting product had acid value of
12.0 (mg KOH/g), contained trace of remaining cata-
lyst and had ring and ball softening point of 75° C. The
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product, oligoester was light yellow, solid at room
temperature and fragile.

EXAMPLE 7

Into an autoclave equipped with agitator, thermome-
ter, pipes for introducing nitrogen and propylene oxide,
and reflux condenser equipped with thermometer at 1ts

top were charged 1727 grs of oligoester A, 1661 grs of
1sophthalic acid and 12.7 grs of bis(tetramethylammoni-
um)isophthalate. Air in the autoclave was completely
replaced by nitrogen gas. The mixture was heated to
170° C. 1162 Grs of propylene oxide was continuously
added over 120 minutes at stirring rate of 500 rpm while
maintaining the temperature at 170° C. While introduc-
ing propylene oxide, all of unreacted propylene oxide
was refluxed by passing cold water through the partial
reflux condenser. After adding the propylene oxide, the
reaction was continued at 165° C. for additional 15
minutes. 4480 Grs of the reaction product having acid
value of 37 (mg KOH/gr) was obtained. 2800 Grs of the
reaction product was charged into a reactor equipped
with agitator, partial reflux condenser and pipe for in-
troducing nitrogen gas, and was heated to 250° C. while
bubbling nitrogen gas into the reaction mixture at rate
of 400 ml/min, and while passing steam of 100° C.
through the partial reflux condenser to distil the volatile
components and water formed through condensation.

... After 30 minutes, the reaction product was cooled. The

-~ viscous, liguid oligoester having acid value of 2.5, con-

tent of remaining catalyst of 15 ppm (value calculated as
nitrogen) was obtained.

EXAMPLE 8

Into an autoclave equipped with agitator, thermome-
ter, pipes for introducing nitrogen and propylene oxide,
and reflux condenser equipped with thermometer at its
- top were charged 1727 grs of oligoester A, 1661 grs of
1sophthalic acid and 11.0 grs of tetramethylammonium
bicarbonate. Air in the autoclave was completely re-

~ placed by nitrogen gas. The mixture was heated to 170°
-owne € 1162 Grs of propylene oxide was continuously added

over 120 minutes at stirring rate of 500 rpm while main-
taining the temperature at 170° C. While introducing
propylene oxide, all of unreacted propylene oxide was
refluxed by passing cold water through the partial re-
flux condenser. After adding the propylene oxide, the
reaction was continued at 165° C. for additional 15
minutes. 4485 Grs of the reaction product having acid
value of 38 (mg KOH/gr) was obtained. 2800 Grs of the
reaction product was charged into a reactor equipped
with agitator, partial reflux condenser and pipe for in-
troducing nitrogen gas, and was heated to 250° C. while
bubbling nitrogen gas into the reaction mixture at rate
of 400 ml/min and while passing steam of 100° C.
through the partial reflux condenser to distil the volatile
components and water formd through condensation.
After 30 minutes, the reaction product was cooled.
The viscous, liquid oligoester having acid value of 2.8
and content of remaining catalyst of 18 ppm (value
calculated as nitrogen) was obtained.
What is claimed 1s:
1. A process for producing an oligoester consisting
of:
(a) reacting isophthalic acid with propylene oxide, in
a molar ratio of 1.1-3.3 moles of propylene oxide
per mole of isophthalic acid, in a reaction medium
in the presence of catalyst, the reaction medium
being a reaction product of isophthalic acid with
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propylene oxide, propylene glycol, or a mixture
thereof, and wherein the catalyst is selected from

the group consisting of compounds represented by
formula (I):

(1)

wherein Ri, Ry, R3 and R4 may be the same or
different and are independently an alkyl group
having 1 to 4 carbon atoms or a hydroxy-sub-

stituted alkyl group having 1 to 4 carbon atoms:;
compounds represented by the formula (I1):

D (1I)
RO

RI"‘"T""RJ.
R3

XO

/1

wherein Rj, Ry, Rz and R4 may be the same or
different and are independently an alkyl group
having 1 to 4 carbon atoms or a hydroxy-sub-
stituted alkyl group having 1 to 4 carbon atoms, ]
1s 1 or 2, and X is selected from the group consist-
ing of halo, a carbonic acid or bicarbonic acid
anion, an anion of an aliphatic mono- or di-car-
boxylic acid, an anion of an aromatic mono- or
dicarboxylic acid, or an anion of an aromatic
mono- or dicarboxylic acid which i1s nuclear-sub-
stituted with one or more alkyl groups having 1-2
carbon atoms; and mixtures thereof and

(b) adding a glycol or glycols to the reaction product
(a);

(¢) removing volatile components from the resulting
oligoester by heating the oligoester to a tempera-
ture of about 180°-280° C.

2. A process for producing an oligoester consisting
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(a) reacting isophthalic acid with propylene oxide, in
a molar ratio of 1.1-3.3 moles of propylene oxide
per mole of isophthalic acid, in a reaction medium
in the presence of catalyst, the reaction medium
being a reaction product of isophthalic acid with
propylene oxide, propylene glycol, or a mixture
thereof, and wherein the catalyst 1s selected from
the group consisting of compounds represented by
formula (I):

(I}

OH®

wherein R, R2, R3yand R4may be the same or different
and are independently an alkyl group having 1 to 4
carbon atoms or a hydroxy-substituted alkyl group hav-

ing 1 to 4 carbon atoms; compounds represented by the
formula (II):
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@ (I1)
R>
|
Rl“"l]'f"‘RJ, XS
R3

!

wherein R, Rz, R3and R4 may be the same or different

and are independently an alkyl group having 1 to 4 10

carbon atoms or a hydroxy-substituted alkyl group hav-
ing 1 to 4 carbon atoms, 1 i1s 1 or 2, and X 1s selected

from the group consisting of halo, a carbonic acid or
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- bicarbonic acid anion, an anion of an aliphatic mono- or

di-carboxylic acid, an anion of an aromatic mono- or
dicarboxylic acid, or an anion of an aromatic mono- or

dicarboxylic acid which 1s nuclear-substituted with one

or more alkyl groups having 1-2 carbon atoms; and

- mixtures thereof and

(b) adding isophthalic acid to the reaction product of
(a); and |

~(c) removing volatile components from the resulting

oligoester by heating the oligoester to a tempera-
ture of about 180°-280" C.
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